The fruit fly, Drosophila melanogaster, has become a model for the study of a growing number of human characteristics because of the power of its genetics. Higher cognitive functions, however, might be assumed to be out of reach for the little fly. But the cumulative history of cognitive studies in insects and some of their arachnid relatives, as well as specific probing of the capabilities of fruit flies, suggests that even in this ethereal realm these creatures have much to contribute. What are the degrees of sophistication in cognitive behavior displayed by these organisms, how have they been demonstrated, and what is their potential for understanding how our own brains work?
Beginning with Aristotle, continuing through Descartes, and ultimately getting the imprimatur of hard science from Werner Reichardt, insects (and invertebrates generally) have been considered to be automata -robot-like creatures whose behavior appears mechanical, stereotypical and (in current parlance) rigidly programmed. This view carried with it the natural assumption that one need not waste any time trying to discern cognitive functions in these organisms. Through the long and arduous efforts of a handful of investigators, insects have gained ground in the struggle for cognitive legitimacy. The lion's share of this progress has come from studies of learning in relation to foraging and navigation in honeybees. More recently, studies of problem solving in the jumping spider Portia, an arachnid whose nervous system resembles that of insects, have further established the cognitive credentials of this corner of the invertebrate world. (The octopus, undisputed genius of the sub-kingdom, will be omitted from this discussion owing to its lack of anatomical similarity to insects and jumping spiders.) And, finally, the genetic potential of the fruit fly, Drosophila melanogaster, is now causing its capabilities to be probed far beyond what would seem reasonable for a creature with such apparently modest endowments, and it too is exceeding expectations for cognitive sophistication.
Learning tests have been the major vehicle for determining cognitive ability in these animals. This makes sense given that learning forms part of the definition of cognition. But these tests have also been the mainstay for studies of perception, which need not necessarily involve learning. Because animals cannot report their perceptions in any way other than behavior, the ability to be conditioned associatively with a given conditioned stimulus (CS) becomes the most straightforward measure of recognition (i.e. perception) for that stimulus.
The honeybee
The sophistication of honeybee cognition was first suggested by von Frisch's pioneering studies of honeybee foraging. He demonstrated not only that scouts have the ability to translate their experience of finding a nectar source into a sophisticated set of signals, the 'dance', but also that the observers of this dance have the ability to translate it into a sequence of navigational maneuvers [1] . These abilities are suggestive of the presence of explicit memory, a high-level cognitive function that involves memory of places, facts and events [2] . Since these studies, after a certain amount of controversy [3, 4] , the existence of a map-like, spatial memory in the honeybee has been formally demonstrated [5, 6] .
The key to unlocking this behavior in bees was not over-training them to a single site. When over-trained to one site, they home reliably from that site and not very well from others. When lightly and variably trained to a variety of sites, they are far better at finding their way back to the hive from a range of locations, including some from which the hive is not visible [5] . This deleterious effect of overtraining has its neural counterpart in monkey studies showing a loss of normal organization in sensory cortex as a consequence of overtraining with monotonous stimuli [7, 8] . Further confirmation of the ability of honeybees to choose a novel, shortest-path route comes from recent tests involving their release from unexpected sites and monitoring of their complete flight paths by using a harmonic radar system [6] . With the demonstration of map learning, the honeybee becomes a contender for possessing explicit memory. Implicit memory (motor memory or memory that deals with procedures) is unquestionably present, as evidenced by the extensive studies of associative conditioning, second-order conditioning, blocking, and contextual learning [9] .
The standard laboratory tests for explicit memory in rodents are maze and place learning [2] . Place learning consists of associative conditioning using place cues as the CS. An analogous place-learning paradigm has been developed for the cockroach in which a plate is heated over its entire surface except for an unmarked cooled zone, and the plate is surrounded by place-specific visual patterns [10] . Place learning in these insects is not as robust as in rodents but the majority of animals do learn, and this
